Objectives: In this study, we explored the syntactic competence of the right hemisphere (RH) after left cerebral hemispherectomy, on the premise that it (syntactic competence) is known to be one of the most strongly leftlateralized language functions. As basic syntactic development for individuals in this subject pool has already been extensively explored, we focused instead on the investigation of complex syntactic constructions that are normally acquired later in childhood, i.e., between 7 and 9 years of age. Methods: Grammatical competence in 10 participants who had undergone left cerebral hemispherectomy was compared to that of a group of normally developing children, with the two groups matched by the size of their vocabulary. The two tests we used for this research were created by the 1st language acquisition linguists and were designed to test sets of constructions categorized and differentiated by the order in which they are normally acquired and by the type of grammatical competence that they involve. Results: We found that both groups followed the same developmental sequence of syntactic development with five (50%) postsurgical participants (all with prenatal etiologies) reaching nearly mature command of sentence grammar. Seizures negatively impacted performance on all tests. Conclusions: The isolated RH has the potential to support the complex grammatical categories that emerge relatively late in the normal acquisition of English by native speakers. Successful performance may be related to the timing of the initial insult and seizure control following hemispherectomy.
Introduction
The capacity of the right hemisphere (RH) to support oral and written language, together with the related issues of brain lateralization, remains an area of intensive research. Perhaps the best test of what the RH can do in isolation found in cases of language development following cerebral left hemisphere (LH) hemispherectomy. Although studies of language reorganization following local resections are informative, it should be understood that the outcomes of LH hemispherectomy are quite distinct from these cases [2] in that the substrate of a restored function is clear in contrast to the lesion studies where recovered function may reflect the involvement of the RH only, perilesional areas of the LH, or some combination of both [1, 2] . Any investigation of hemispherectomy patients is inevitably accompanied by the methodological difficulties of small sample sizes and heterogeneous clinical variables; nevertheless, studies of language development in these patients do have the potential to shed light on both the strengths and limitations of the RH and might ultimately help in the development of informed interventions [3] . In this study, we explored the RH's syntactic competence, known to be one of the most strongly left-lateralized language functions [4] .
Various aspects of sensorimotor and cognitive development following both right and left hemispherectomy have been reported in the literature [5] [6] [7] [8] . The results have been found to vary, with the transfer of functions after hemispherectomy seeming to depend on both clinical factors and the nature of the function. Thus, transfer of specific functions cannot be taken for granted. For example, reading after hemispherectomy presents an area of major difficulty for patients, with only 42% mastering it [9] . Basic syntactic development for individuals in this subject pool has been extensively explored with respect to various languages, with the published studies reporting that the syntactic capacity of the isolated RH varies from poor to nearly normal [10] [11] [12] . Not all of these reports on posthemispherectomy language development distinguished clearly between the syntactic development that is attained in the RH when it is enlisted in acquisition from the very beginning (i.e., when an early hemispheric insult occurs before lateralization), as opposed to the development of syntactic competence in the RH after lateralization has begun to unfold (i.e., the time when an insult occurs after language acquisition nominally progressed to the age of syntax acquisition).
Furthermore, few studies specifically tested subjects' capacity for syntactic comprehension [11] [12] [13] . Using two tests that were specifically created for the testing of syntactic development, the present study investigated RH competence in the largest-to-date posthemispherectomy cohort and with respect to complex syntactic structures that are acquired late by normally developing children.
The development of language when the RH is forced to support it (i.e., in the absence of a functioning left hemisphere [LH] ) has attracted attention from a number of cognitive disciplines. The five studies reporting syntactic development after left hemispherectomy used a variety of tests on a cumulative total of 5 individuals (across all the studies) with various or unknown etiologies [11] [12] [13] [14] [15] . Furthermore, the subjects reported on in these studies were patients who were acquiring any one of three distinct languages (English, French, and Italian), mostly precluding, thereby, any direct linguistic comparison of the reported results. The results of these studies varied, ranging all the way from severe impairment in an individual who became sick and underwent hemispherectomy following a few years of normal development [12] to nearly normal performance in a participant with a prenatal insult [13] .
Additionally, only a few of the language tests administered were ones that specifically targeted syntactic competence. For example, Vargha-Khadem and colleagues [15, 16] used the Test of Receptive Grammar (TROG, [17] ). However, given that TROG is normed for ages 4 to 16 years, it necessarily incorporates elements that are quite outside the range of, and which do not strictly test, basic syntactic knowledge. For example, TROG includes items that test subjects' competence in regard to conversational pragmatics and discourse structure. These are facets of language competence that, in contrast to syntactic maturation, continue to develop long after 9 years of age, when basic syntactic competence is more or less complete [18] .
Three additional patients with left-sided resections were reported on by [16] . In their study, these patients had worse outcomes than patients with right hemisphere resections. However, their results did not report TROG test outcomes separately, and it is, furthermore, hard to interpret the results of their use of the CELF-R (Clinical Evaluation of Language Function) test, since it, too, includes nonsyntactic items and measures.
In one of few studies specifically targeting syntax, Curtiss and Schaeffer [10] analyzed error rates in the use of functional morphemes (i.e., grammatical/nonlexical; e.g., subject pronouns and modal or auxiliary verbs) by five pairs of posthemispherectomy participants (right resection and left resection; matched for etiology and age factors). The results of their investigation yielded weak support for left hemisphere advantage in grammatical morpheme production and strong support for the language acquisition potential of the isolated hemisphere (both right and left).
Given evidence suggesting that basic syntactic competence can be successfully acquired by children with an isolated RH [10, 19] , we focused on testing subjects' mastery of complex constructions that healthy children typically acquire relatively late in the course of their development (i.e., between the ages of 7 and 9 years, cf. [18] ). Specifically, we tested constructions, such as nonfinite complement clauses and relative clauses, which children under the age of 9 tend to misapprehend [20] .
In order to assess patients' competence with respect to this level of grammatical complexity, the present study tested, and compared with healthy controls, 10 participants with an isolated RH, who were at least 9 years of age and who were several years postsurgery compared 10 participants with an isolated RH, who were at least 9 years of age and who were several years postsurgery (median 7 years). We predicted that many participants from the posthemispherectomy group would still be in the process of acquiring advanced syntactic constructions, and we chose our control group based on this prediction. The control group of typically developing children, aged 7-10 years, was chosen to allow us to determine whether posthemispherectomy participants were following the same acquisition trajectory as healthy children at a comparable developmental stage in their mastery of the most complex common structures of English. Based on prior research and on our own observations, we hypothesized that advanced syntactic constructions would be an area of difficulty for the majority, but not necessarily all, of our participants, and that the control group would consistently score higher than patients on all grammatical measures.
Methods
Institutional Review Boards at both the University of South Carolina and the University of California, Los Angeles approved this study. To assess and analyze syntactic development of individuals after left cerebral hemispherectomy, we compared their performance with that of a cohort of healthy controls using two tests of language development and linguistic competence, CYCLE and Sentence Judgment (see below for full description). Patients' and controls' families all signed informed assent and consent forms including Health Insurance Portability and Accountability Act (HIPAA) authorizations. This study was not a clinical trial and is, therefore, not registered.
Cohort description

Individuals after left cerebral hemispherectomy: recruitment and clinical variables
Recruited for this study were ten (10) consecutive participants who had undergone left cerebral hemispherectomy performed to arrest seizures associated with (i) prenatal insult: perinatal infarct, PI (n = 7), and (ii) postnatal Rasmussen encephalitis, RE (n = 3).
Originally, 6 participants with RE were recruited for the study, but, as 3 of them had severely limited speech outcome together with apraxia of speech, they were, thus, excluded. All participants were tested while participating in gait therapy [21] .
2.1.1.1. Etiology and clinical variables. Our recruitment efforts were designed to enable us to report on the largest group of posthemispherectomy participants but also to reduce the heterogeneity of the clinical group as much as possible. In this regard, we selected patients having two etiologies that, by nature of their associated underlying lesions, are known to disrupt LH functioning during a discrete time window which can be fairly precisely determined. In addition, both etiologies have a low incidence of bilateral involvement. Finally, additional efforts were undertaken to confirm the integrity of the remaining hemisphere in all patients (see below). All participants were a part of a large 2-week-long study that required a minimum IQ of 75 [21] .
In all, seven individuals histopathology results were consistent with a middle cerebral artery (MCA) stroke in utero. The rest of the participants had a clinical history and histopathology consistent with RE. Clinical history and neuroimaging results were reviewed both presurgically and postsurgically to check for the presence of any visible missed connections remaining between the two hemispheres and on the status of the remaining RH. The remaining RH of participants reported on in this study was described as "without overt lesions" or "nearly normal" by corresponding neurologists. The clinical variables in Table 1 were abstracted from the records as previously described [22] . These variables included age at seizure onset, age at surgery, age at testing, whether the child was taking antiepileptic drugs (AEDs), and whether the child was having seizures at the time of testing. All participants had undergone psychoeducational testing.
For the group with PI, age at testing varied from 10 to 21 years (median, 14 years), with age at seizure onset from 1 to 7 years (median, 4 years) and age at surgery from 4 to 11 years (median, 10 years). For the group with RE, age at testing was 9, 14, and 17 years, with age at seizure onset 1, 2, and 11 years and age at surgery 2, 4, and 12 years, respectively.
2.1.1.2. Language characteristics. All 10 participants (females, n = 5) were from monolingual English-speaking families. Presurgical evaluations of their language abilities were not available, probably because of severe seizure activity. Interviews were conducted with each participant's parents, in order to obtain an account of the participant's acquisition of language and their level of literacy, as well as to review their Individual Education Plans (IEPs).
All parents of participants after PI stated that their children's language development had seemed appropriate from about 24 months of age after an initial delay and until seizures became uncontrolled and language deterioration began. Some of these children could barely speak at the time of their surgery, while others retained a few words and signs. The early onset of seizures (median, 4 years) along with the severity of their seizure disorder (up to 250 seizures per day) is assumed to have disrupted language acquisition, such that none of these children were able (prehemispherectomy) to attain anything like mature syntactic proficiency. As a matter of fact, these patients had all suffered from a deterioration of their speech, as reported by their families. Language recovery following surgery was described as fast, and within 4-5 weeks postsurgery, children had attained their preseizure levels. All participants at school returned to the same grade level without missing a school year, with either no professional intervention or (at most) 1 weekly session with a Speech Language Pathology (SLP) professional. All participants in the group with PI had age-appropriate speech and comprehension of language at testing, based on data using previously published assessments [23] . All families reported no history of lefthandedness in the family, and each child's use of her left hand from early on was, most likely, due to the hemiparesis associated with stroke.
In contrast, parents of participants with RE stated that initial development was normal with all developmental milestones reached on time. Seizures occurred following major milestones, such as sitting and walking, and rapidly disrupted normal functioning. Only patient 10M had acquired literacy and was classified as gifted by his school. However, by the time of surgery, he had lost the ability to communicate and at enrollment in the study was the most impaired of these 3 participants in his language production. All three participants with RE had reduced speech outcomes consisting of 1-4-word responses to questions and no spontaneous speech. When asked to describe their trip to SC where the study took place, they produced 2-4 simple predication sentences with prompting from the tester. Comprehension of language was at age level, and all participants could participate in a 2-week-long therapy camp with no special accommodations for language. The participants with RE all had very limited literacy (i.e., they could read only a few words and were able to write their own names). All families reported no history of left-handedness with children being typical righthanders before seizures started.
Controls
In choosing to explore the most complex constructions supported by the isolated RH, we hypothesized that all posthemispherectomy participants would either attain mature grammatical competence (at 9 years in normally developing children) or would exhibit near-mature levels of syntactic development comparable with the levels of healthy 7-9-year-old children. Because one posthemispherectomy participant, 8M, did not pass a pretest for Sentence Judgment, leaving us with nine subjects, we enrolled nine control participants between ages 7 and 10 years (median, 8.5 years) from a local day school to take part in the study, Table 2 .
Comparing two groups
We matched the two groups in their verbal intelligence expressed by the size of their receptive vocabulary measured by PPVT (for detailed description, see below).
Testing
Three tests, described below, were orally administered to collect information on subjects' and controls' syntactic development (in the first two cases) and their lexical knowledge (in the last case). Individual scores for all tests are presented in Tables 3 and 4 . [24] . This instrument consists of a battery of short tests distributed over 9 age levels (2 to 9 years). The higher levels of CYCLE-R (levels 7-9) contain several subtests, with each one focusing on a distinct area of syntactic knowledge usually acquired by normally developing children at the targeted age. Each test item involves the oral presentation of a stimulus sentence or phrase, followed by the subject selecting the one picture (out of 2 or 4) that best illustrates the meaning of the prompt. According to the protocol for CYCLE-R, a subject must successfully complete all the individual subtests at a given level in order to move to the next higher level (n.b., each grammatical subtest within a level is considered successfully passed if at least 4 of 5 items are answered correctly). A subject that successfully completes at least 75% (but not 100%) of the subtests in a single level will have a halfyear test level added to their score. If the child completes less than 75% of the subtests in a level, the testing stops and their development is rated as being at the last level successfully completed. For example, if a child successfully completes all the subtests in level 7 and 75% of the subtests in level 8, a test age of 7.5 years is recorded (if the child had only completed 50% of the subtests in level 8, a test age of 7.0 would have been recorded). Age 9 corresponding to level 9 is the ceiling level, and an individual successfully passing this level is considered to have fully mature sentence grammar comparable to that of an adult. See Appendix A for the examples of sentences.
Since all participants after hemispherectomy were of an age when native speakers usually have full command of grammar (i.e., ≥ 9 years), we focused our testing on the highest three age levels of the test (CYCLE levels 7-9), which primarily assess syntactic competence, rather than on the lower (i.e., earlier) levels, in which lexical competence is the focus.
Sentence Judgment
This test (unpublished, S. Curtiss UCLA) requires a subject to judge whether a sentence spoken by the examiner is acceptable or not. It is assumed that a subject will correctly judge these sentences only if they have syntactic ability required to do so. There are a total of 50 sentences to judge, of which half are correct and the other half are not. Thirteen specific syntactic constructions are included in the instrument, so that each construction is tested four times: twice grammatically and twice with corresponding ungrammatical sentences (except in one construction for which only two stimuli are provided, accounting for the total number of 50 test sentences). The 13 different constructions tested include verb subcategorization (i.e., the lexical determination of a verb's objects), present progressive inflection (i.e., be + verb-ing), placement of relative clause modifiers, subjectverb agreement, negation (i.e., the placement of not into a sentence), temporal adverb and verb tense concord (i.e., the matching of temporal adverbs (e.g., yesterday) with the tense (e.g., past) of the sentence), subject/object pronoun placement (i.e., the correct use of the subject and object forms of pronouns (e.g., he and him)), and three separate tests on question formation-one involving the assessment of yes-no question formation with subject-auxiliary inversion (i.e., in which an auxiliary verb such as have or will precedes the subject), one examining wh-question formation (i.e., in which a question word such as what or who is placed at the beginning of the sentence), and one assessing question formation with "do-support" (i.e., in which do or does appears before the subject when there is no auxiliary verb available to be placed there). See Appendix A for examples.
Although the sentence judgment task was designed to test syntactic competence, it is actually the case that some of the constructions tested (e.g., verb subcategorization) might be better regarded as measures of semantic or lexical syntax-semantics interface knowledge, rather than as measuring purely syntactic competence. Other constructions used in the instrument, such as the evaluation of the grammaticality of negation and of tense concordance, are also often regarded as engaging semantic, rather than syntactic, resources [25] . Regardless of the linguistic category to which each of these phenomena are ascribed (lexical, syntactic, or semantic), they all do, nevertheless, involve the manipulation of function words and inflectional affixes (e.g., subject-verb agreement) and/or the syntactic movement of elements within the clause (e.g., subject-auxiliary inversion), and we saw no grounds for a priori excluding any of them.
An example of a grammatically correct sentence and its ungrammatical counterpart are given in (1) and (2).
(1) Does Bill arrive in the morning? (Yes-no question formation: GOOD) (2) *Arrives Bill in the morning? (Yes-no question formation: BAD)
In this instance, the subject is expected to know that main (i.e., nonauxiliary) verbs such as arrive do not precede the subject in questionformation, and that a tensed form of do is used instead.
Receptive vocabulary
To measure the receptive vocabulary size of individual subjects and controls and use this as a baseline measure for matching the two groups, we calculated standard scores from the Peabody Picture Vocabulary Test, PPVT [26] , 100 ± 15. The range of PPVT standard scores for subjects was from 70 to 103, median = 87. For controls, this range was from 75 to 106, median = 93. The two groups did not significantly differ in their performance (p = 0.254, Mann-Whitney, 2 tail).
Data analyses and results
CYCLE
3.1.1. Levels Seven out of nine controls successfully passed CYCLE's levels corresponding to their chronological ages (7, 8, or 9) with 2 children aged 9 years passing level 7.5 only ( Table 2 ). For each posthemispherectomy participant, testing was initiated at level 7, with the goal of having all individuals complete levels 7-9 if possible. In conducting these tests, we found that 5 participants of the 10 were unable to successfully pass CYCLE level 7, suggesting that they had not yet reached a level of competence corresponding to 7 years of age in healthy speakers. These 5 were then tested on CYCLE levels 2-6 to establish their highest level of competence. Their syntactic development was found in the range corresponding to healthy children between 3.5 and 6.5 years. Participants in this subgroup of 5 subjects were aged from 10 to 17 years (median, 14 years) and had undergone hemispherectomy for RE, n = 3, and PI, n = 2, with 4 to 10 years postsurgery (median, 6 years).
Grammatical categories
We further investigated the details of the performance of controls (all of whom had attained levels 7-9) and that of the posthemispherectomy participants who successfully reached levels 7-9 -indicating near-mature grammatical competence (n = 5, median age at testing 14 years). These two groups were matched using the size of their receptive vocabulary as described in the Methods section. To investigate the differences between posthemispherectomy participants and our controls in their mastery of specific grammatical constructions, we calculated the number of correct answers for each of the 17 subtests in levels 7-9 (as was pointed out above, each subtest targets a particular grammatical category or construction such as agreement, preposition use, relative clauses, and negative passive) and found no differences between the two groups (U = 123.5, p = .48). The results are shown in Table 3 . Both groups followed a similar trajectory with the number of correct answers decreasing from levels 7 to 9. Level 9 proved difficult for all participants with the lowest median scores occurring in this category (68 for subjects and 81 for controls). Descriptively, the two groups were roughly similar on a construction involving complex semantics on level 9, controls had fewer errors on negative passive and object-object relative clause (statistically n.s.) and both groups struggled with the subject-object relative clause construction.
Sentence Judgment
Both groups were tested on the 13 construction types (50 sentences total), see Table 4 .
In a manner similar to CYCLE, percentages of correct answers were calculated for each syntactic construction, and a nonparametric Mann-Whitney test, two-tailed, was applied. There were no statistically significant differences between the two groups (p = .32).
Clinical variables
There were significant correlations of syntactic test scores (CYCLE and Sentence Judgment) and the presence of seizures, r s = 0.79 and 0.83, p b .05, respectively, with correlations for other clinical variables. The size of receptive vocabulary did not correlate with the presence of seizures, age at seizure onset, and years postsurgery.
Correlations with receptive vocabulary
Correlations between CYCLE and PPVT scores were found in the group of posthemispherectomy individuals (r s = 0.87, p b .05), but no correlations were found in Sentence Judgment and PPVT. In contrast, no correlations between either CYCLE or Sentence Judgment were found in controls.
Discussion
The contributions to syntactic knowledge of the LH inferior frontal, temporoparietal, and occipitotemporal regions, as well as the arcuate fasciculus and external capsule fibers have been firmly established in adults [27] [28] [29] . This strong lateralization emerges later in childhood from a much more distributed and bilateral circuitry [30, 31] , although the exact nature of the processes driving it remains unclear [32] .
The capacity of the isolated RH to support the most complex grammatical constructions remains unknown. The variety of tests conducted and results reported in previous studies, ranging from severe impairment [12] to nearly normal performance [13] , do not settle the question. The present study was, thus, prompted by the need to determine the maximum capacity of the RH in isolation to support receptive syntactic tasks.
Test performance
The two tests we used were created by L1A (1st language acquisition) linguists and were designed to test sets of constructions categorized and differentiated by the order in which they are normally acquired and by the type of grammatical competence that they involve. Accordingly, there were distinct tasks (populated with appropriate experimental items) that tested receptive competence in the following: (i) morphosyntax (e.g., plural affixation), (ii) tense marking (e.g., the expression of tense on the verb), (iii) complex structures (e.g., relative clause embedding), and (iv) grammatical rules (e.g., passive). Modalities in the two tests differed, with CYCLE being a picture-matching test and Sentence Judgment being a traditional sentence acceptability task (i.e., asking a subject to judge whether a sentence is acceptable or not). The latter modality is considered exceedingly difficult, in that it involves many more levels of processing than what is required for the simple matching of a sentence with a picture [33] . We nevertheless used it, as it has been firmly established that children are able to respond to the task in a reliable way [34] .
The most important finding of this study is that the isolated RH has the potential to support most of the complex grammatical categories that emerge relatively late in the normal acquisition of English by native speakers. Five participants with perinatal lesions, 50% of the posthemispherectomy group, completed CYCLE levels 7-9, thus, achieving near-mature grammatical proficiency. Furthermore, there was no difference in the levels of competence as both subjects and controls performed similarly on all grammatical constructions tested on both CYCLE and Sentence Judgment. It is worth noting that not all categories were found to have been fully acquired by both groups. For example, subject-object relative clauses were difficult for both groups with accuracy ranging between 36% and 42%, respectively. Nevertheless, both groups followed the same developmental progression with the highest scores in level 7 and lowest in level 9.
Etiology
Reports in the literature have previously suggested that etiology may play a role in language outcomes, with better outcomes in children who have unilateral etiologies that present at an earlier age, e.g., perinatal infarct and Sturge-Weber syndrome [13, 15] . Our data may be interpreted as providing cautious support for this claim. In our study, only individuals with early prenatal infarct reached nearly mature syntax, suggesting that when the LH is not available from early on, its RH counterpart has capacity to support syntactic development. However, just having an early insult does not guarantee successful grammatical acquisition, as evidenced by the fact that 2 participants after PI, 1F and 4F, did not reach levels associated with complex grammatical constructions. Interestingly, both participants have been retested on CYCLE at age of 15 and 19 years. While 1F reached level 7.5, thus, adding 2 more years of grammatical development in 5 chronological years between testings, participant 4F remained at level 6.5 suggesting that etiology is indeed an important factor in defining the outcomes but is not the only variable that influences full maturation of grammar. While perinatal insult and very early language development in the RH are often associated with good outcomes similar to what we found in this study, early seizure onset and other individual variables may disrupt this process.
Three out of the 5 individuals who did not reach levels 7-9 were diagnosed with RE, and it is tempting to suggest that late insult associated with this etiology plays a role in the outcome. It has been previously shown that syntactic development supported by the isolated right hemisphere seems to be especially compromised if left resection follows a period of normal language development. Unfortunately, in this very small sample, the alternative explanation is the presence of seizures postsurgery. The presence of seizures was strongly associated with worse outcomes for both tests reported here. It is necessary to note that in 6 consecutive patients with RE who were initially enrolled in this study, 3 had practically no expressive language at all and had to be excluded. A separate line of research focusing on RE and language/ literacy development in this population is necessary in order to better understand what seem like pervasive deficits resulting from disrupted language lateralization.
Correlations with receptive vocabulary
An analysis of correlations between the receptive syntactic processing competence of our participants and other measures of their cognitive abilities is beyond the scope of this paper (one of the obstacles in this regard being the difficulty of finding controls matched for IQ [i.e., N 70 and b90] who do not have other neurological conditions). That said, we did explore correlations between measures of their receptive vocabulary abilities, per the PPVT test, and their CYCLE scores. A report from Stark and McGregor [11] suggested that children after left resection perform more strongly on the items that tap semantic resources as opposed to items that require morphosyntactic knowledge. In this study, the posthemispherectomy participants demonstrated strong correlations between the results of CYCLE and PPVT, in contrast to the results recorded for controls. Receptive vocabulary tends to be the most spared function following hemispherectomy [16] , possibly because of its bilateral cortical representation [35] , and increased reliance on these lexical resources may reflect compensation processes following novel demands on the right hemisphere [36] . Alternatively, this correlation may represent prolonged reliance upon the semantic network, which develops much earlier than syntax in healthy children [31] . It is anticipated that future functional imaging studies in this population may shed light on the interface of syntactic and semantic processing in the isolated RH.
Limitations
It is important to explicitly acknowledge the limitations of our study. While acknowledging it to be possible that controls outperforming patients is a (partial) result of differences in general intelligence, we, nevertheless, take the position that the variability in the acquisition among the patients themselves lends support to the conclusions we have drawn. Additionally, we present results as measured at one point in time after surgery. As mentioned above, we do not know how long patients may continue to develop language skills after surgery, even though it seems that it takes a much longer time to do so, when contrasted with the developmental path of controls. Next, although this study enrolled the largest group reported so far, the numbers are still small. Finally, we note that our control group -which reflected our focus on both qualitative and quantitative aspects of the developmental acquisition of syntactic structures mastered around the age of 7-9 years by normally developing children -was matched to our subjects on the measure of "verbal age" (i.e., verbal IQ). This was preferable to a match by "chronological age" (CA), since such a matching of our subjects with healthy controls aged 9-20 would inevitably have produce a "ceiling effect". The study might have benefitted from the addition of a second control group matched for "mental age" (as our subjects were assessed at 5-15 years by this measure), and future studies might consider the advantage of having both types of controls to measure against subjects. Another limitation encountered in the measurement of "verbal age" (and matching this with controls) was our reliance on the PPVT measure (which has been shown to be a better measure of vocabulary than intelligence). The measures used might have been improved with the addition of an "expressive" vocabulary test (e.g., Expressive One-Word Picture Vocabulary Test [EOWPVT]). However, the etiologies associated with our subject population precluded the addition of expressive measures (apraxia being a common outcome of hemispherectomy). Furthermore, expressive measures might also have introduced an extraneous contrast between participants after infarct and participants after RE, the latter group having severely reduced expressive capacity (and complete aphasia in some cases) following the onset of seizures and then hemispherectomy.
Conclusions
In this study, we compared 10 posthemispherectomy individuals and healthy controls on their mastery of syntactic categories that are fully acquired relatively late in childhood. Based on our previous research, we hypothesized that the majority of posthemispherectomy participants would experience significant difficulty on the most advanced grammatical constructions. Using the normal age of acquisition for these constructions as a metric, i.e., 7-9 years in healthy children, we recruited controls from the appropriate age group matched on the size of receptive vocabulary to our posthemispherectomy group.
Our hypothesis was only partially supported. The finding that 5 out of 10 participants successfully mastered specific grammatical constructions suggests that, following left hemispherectomy for a very early prenatal lesion, the isolated RH is capable of developing a mature syntactic system. We did not find any differences between these individuals and healthy children at the same stage of grammatical maturation. At the same time, strong correlations between syntactic measures and vocabulary size in subjects only may suggest that posthemispherectomy patients rely upon their lexical knowledge much more than do healthy children in a compensatory strategy of the RH. The presence of seizures correlated with both tests administered but had no effect on the vocabulary size.
The capacity of the isolated RH to support syntax has been suggested in earlier studies (see above) and has been further supported here by showing that 5 participants have reached levels of nearly mature speakers. Our data also suggest that there always will be those who will not acquire adult-like command of syntax, and etiology may be just one variable among other factors. Further studies are necessary to investigate why fully automatic mastery of the most complex syntactic categories occurs in some but not all individuals and whether different neuroanatomical substrates mediate and define syntactic development with an isolated RH given its increased reliance on semantics as found in this study.
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